Machining the EN X160CrMoV12 tool steel by electro-discharge machining (EDM) process generates significant modifications of microgeometrical, microstructural and mechanical properties of the upper layers of the machined components. In this paper, the role of these modifications in controlling the stability, under cyclic loading, of the propagation of the crack networks generated by EDM is discussed. High cycle fatigue tests (2×10 6 cycles) show that the presence of these cracks in brittle layers, i.e. white layer, quenched the martensitic layer, and a field of tensile residual stresses (+750 MPa) results in a loss of 34% of endurance limit comparatively with the endurance evaluated for the milled state that generates crack-free surfaces. It is shown, in this work, that the detrimental effect of these crack networks can be controlled by putting in compression the upper layers of the EDM surfaces. Indeed the application of wire brushing to EDM surfaces generates compressive residual stresses (≈−100 MPa) that stabilise the crack networks propagation and therefore restores to the EDM surfaces their endurance limit value corresponding to the milled state. Moreover, removing the crack networks by polishing generates a stabilised residual stress value of ≈−130 MPa. This results in an improvement rate of about 70% of the endurance limit comparatively with the EDM state and of 26% in comparison to the milled state. These rates could be further increased by the application of the wire brushing process to the polished surfaces that reached 75% and 30% comparatively to the EDM and milling states respectively. In this case, a stabilised surface residual stress of about ≈−150 MPa was measured on the specimen surfaces.
Abstract Machining the EN X160CrMoV12 tool steel by electro-discharge machining (EDM) process generates significant modifications of microgeometrical, microstructural and mechanical properties of the upper layers of the machined components. In this paper, the role of these modifications in controlling the stability, under cyclic loading, of the propagation of the crack networks generated by EDM is discussed. High cycle fatigue tests (2×10 6 cycles) show that the presence of these cracks in brittle layers, i.e. white layer, quenched the martensitic layer, and a field of tensile residual stresses (+750 MPa) results in a loss of 34% of endurance limit comparatively with the endurance evaluated for the milled state that generates crack-free surfaces. It is shown, in this work, that the detrimental effect of these crack networks can be controlled by putting in compression the upper layers of the EDM surfaces. Indeed the application of wire brushing to EDM surfaces generates compressive residual stresses (≈−100 MPa) that stabilise the crack networks propagation and therefore restores to the EDM surfaces their endurance limit value corresponding to the milled state. Moreover, removing the crack networks by polishing generates a stabilised residual stress value of ≈−130 MPa. This results in an improvement rate of about 70% of the endurance limit comparatively with the EDM state and of 26% in comparison to the milled state. These rates could be further increased by the application of the wire brushing process to the polished surfaces that reached 75% and 30% comparatively to the EDM and milling states respectively. In this case, a stabilised surface residual stress of about ≈−150 MPa was measured on the specimen surfaces. 
Electro-discharge machining (EDM) is widely used for manufacturing of mechanical components with complicated shapes made on hard materials such as high-alloys, highspeed steels, and refract alloys [1] . It was reported that the high thermal effects generated during the material removal by this process induce mechanical, metallurgical and chemical modifications at the upper layers of the machined surfaces [2] [3] [4] [5] [6] [7] [8] [9] . These layers are characterised by high work hardening, high tensile residual stresses and wide thermal crack networks that have detrimental effects on the fatigue life of EDM components [5, [8] [9] [10] [11] . Previous studies have reported significant reductions of the endurance limit of EDM components comparatively with other machining processes.
Grosh [9] has indicated that EDM reduces the endurance limit of the EN X210Cr12A tool steel to 50% of its value evaluated when turning is used. Tadao et al. [10] have shown that EDM lowers by 60% the endurance limit of the cemented carbide D20 comparatively with polishing. When EDM was used instead of laser cutting, Kisuke et al. [11] have notified a reduction of 13% of the endurance limit when carbon steel (0.45%C) was machined by these processes.
For these reasons, several investigations were conducted to improve the fatigue life of EDM components [11] [12] [13] [14] [15] [16] [17] [18] [19] . The main results of these works are summarised in Table 1 . This table shows that three kinds of surface treatments have been extensively investigated: heat treatment, mechanical treatment and surface coating. According to this table, no general conclusion concerning the effects of heat treatment on the fatigue life of EDM surfaces can be given. It seems that the effect of this treatment is widely dependent on the work material type, EDM conditions and heat treatment parameters [11] [12] [13] . Concerning the mechanical and the coating treatments, Table 1 shows that an improvement rate ranging from 10% to 80% of the endurance limit can be realised by the application of these finishing techniques [14] [15] [16] . Moreover, this table shows that the most frequently used mechanical treatments for finishing the EDM surfaces are polishing and shot peening. The polishing uses abrasive paste that is capable of removing the damaged layer by EDM. AGIE [15] has shown that an increasing rate of 50% of the endurance limit can be realised by the application of polishing comparatively to the as-received state. This investigation showed also that this rate could be increased and reach a value of 80% by the application of shot peening to polished surfaces. Fordham et al. [14] indicated that an improvement rate of 33% of the endurance limit can be realised by the application of the shot peening process to the AISI 301 EDM surfaces. However, even though the application of these techniques improves significantly the fatigue life of mechanical components, they remain costly and technically complicated. Therefore, the development of much easier and more efficient finishing processes is more and more required.
One mechanical process that can introduce deliberately compressive residual stress into the upper layers of the machined surfaces by cold plastic deformation is wire brushing. This low-cost, fast and easy technique is commonly used for online debarring and removing of thin contaminated layers. Fredj et al. [20] have reported that this process can be used to improve the endurance limit of the AISI 304 stainless steel ground surfaces. An improvement rate of about 26% was reported in this investigation.
Based on these findings, and to continue investigating the improvements resulting from the application of mechanical treatments to EDM surfaces, experiments were conducted, in this study to evaluate and compare the fatigue life enhancements at 2×10 6 cycles of the EN X160CrMoV12 tool steel EDM surfaces. In this investigation, wire brushing, polishing and polishing followed by wire brushing are considered. Mechanisms of fatigue crack initiation and propagation were investigated based on scanning electron microscopy (SEM) observations. It is important to notice that the mechanisms of fatigue crack initiation were investigated for the polished and wire brushed following polishing of EDM surfaces only. Indeed it is difficult to speak about any fatigue crack initiation for the EDM and for wire brushing after EDM because of the pre-existing damage, i.e. crack networks. In these cases, the roles of both damage and residual stresses on the fatigue behaviour of tested specimens are discussed.
Material and experimental conditions

Material
The tested material is the high alloy steel EN X160CrMoV12 for which the chemical composition (wt.%) and mechanical properties are given in Table 2 . The structure of the asreceived state is composed by ferritic matrix with dispersed chromium carbides (Fig. 1 ).
Surface preparation modes
Notched fatigue-flexion specimens with a stress concentration factor K t =1.6 are selected in this study (Fig. 2) . The main advantage from using this geometry is the localised fatigue crack initiation and propagation at the notch root [20] .
Notches were machined into the samples using a numerical control milling machine with an end mill having a diameter of 6 mm. Only the notch was finished by the EDM process using a set of optimal finishing conditions that were determined in a previous work [8] . These conditions are listed in Table 3 .
The experimental setups used for finishing the EDM surfaces by polishing and wire brushing can be described as follows:
& The wire brush was set on a conventional milling machine. During wire brushing, wires were effectively
